Summary The quality control of skin smears is an important tool in improving the diagnosis of leprosy. We evaluated the skin smears sent to us by 50 laboratory technicians of 29 projects in Asia, Africa and South America. The skin smears were judged according to taking, staining and reading. The correlation was altogether satisfactory. In reading, a low correlation was found in II % (42 slides) and it was seen that the highest percentage of low correlations was found in the false negative smears. The evaluation of cases with a low correlation leads to the conclusion that using the new WHO classification of 1988 will not reduce the number of incorrectly classified cases. From 42 slides showing a low correlation of their BI results, 7% led to a different classification (paucibacillary instead of multibacillary or vice versa) according to the WHO definition given in 1982, but 8% according to the 1988 WHO definition.
To date, little literature is available to describe a systematic approach to the quality control of slit-skin smears in leprosy. In 1985 de Rijk et aU published their results on a periodical re examination of samples of skin smears for leprosy taken in routine services. This quality control was based on the assessment of smearing and staining, as well as the assessment of the differences in BI results of slit-skin smears.
The quality control presented here was based on the criteria proposed by de Rijk et al. A detailed written evaluation was given to each participating technician in order to point out reasons which might have lead to a disagreement in the BI results.
Methods
Twenty-nine projects with 50 technicians working in different leprosy service laboratories world wide were evaluated in this study. Table I gives a summary of continents and countries, number of projects and technicians participating in the quality control.
Information sheets and forms were sent to each project ( Figure I ).
The comparison between the service laboratory and the leprosy reference laboratory was based on 8 slides with up to 6 smears each taken within the last 2 months. The results of all 8 slides read by one reader in the service laboratory, were reported in the corresponding circles on the form by someone responsible for the organization of the quality control in the respective laboratory.
The form was sent to our reference laboratory, where the smears were examined by a standardized procedure .
Smear taking was judged according to:
The amount of lymph (thin, thick); Its quality (assessed by the presence of different cell types, e.g. lymphocytes, macrophages, erythrocytes and epithelial cells in the lymph); Its distribution.
Smear staining technique was judged according to:
The demonstration of acid fa stness of bacilli; The contrast between bacilli and background; The presence of artefacts. 
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Comment Reference laboratory: BI accordance was determined according to the fo llowing scheme:
Very good, exact BI accordance is fo und in 6 out of 8 slides; Good, half of the 8 slides show exact BI accordance and the rest slight deviations ('slight' deviation:
BI difference of ± I in smears with BI > 2); Satisfactory, 3 of 8 slides show exact BI accordance and the rest show slight deviations; Unsatisfactory, less than 3 slides out of 8 show exact BI accordance.
One experienced person served as second reader. Through this procedure a relatively objective assessment was achieved. Double-blind conditions were not put into effect in order to analyse deviations in the results and to explain the reason for them to the technician whenever possible. Besides the evaluation of the reliability of the results an individual feedback was given to the technician from which we hoped to stimulate critical analysis and motivation.
A comment was written on the fo rm, summarizing the assessment of the smears. Suggestions for improvement were given whenever necessary and participation in further quality control was proposed. The completed form was sent back to the service laboratory.
Results
The results of the quality control are summarized in Table 2 . The quality of smear taking conducted by 13 technicians was unsatisfactory according to our assessment. In these slides only a small amount of lymph, irregularly distributed and containing lots of erythrocytes was fo und.
By 15 technicians the quality of taking was satisfactory if the smears showed a sufficient amount of lymph or regular distribution of material or scanty erythrocytes.
By 22 technicians the quality of taking was good, characterized by a sufficient amount oflymph, regularly distributed and with only scanty or no erythrocytes.
By II technicians the quality of staining was unsatisfactory under the fo llowing conditions: if the smears showed many artefacts predominantly due to unfiltered staining solutions, if an assessment of acid fa stness ('pale' bacilli) was difficult and if there was a contrast, which rather impeded the correct judgment of acid fa stness.
The quality of staining of 24 technicians was evaluated as satisfactory based on the absence of artefacts or the easy assessment of acid fa stness or a good contrast.
The staining conducted by 15 technicians was considered to be good since it showed no artefacts and a good demonstration of acid fa stness underlined by a good contrast. It is noteworthy that in the 29 participating laboratories 10 different staining methods were used, representing the routine stainings. These differences were mainly determined by the choice of hot or cold carbolfuchsin, the employed counterstaining with methylene blue or brilliant green and the agents, concentrations and times used for decoloration.
Summarizing Table 3 , 35 technicians (70%) used the hot-staining method and 15 (30%) the cold-staining method.
According to the participating technicians the results of the readings (BI accordance) were satisfactory (Table 4) .
When compared to the reference laboratory only one technician had very good results in the readings, 23 technicians had good results, 8 had satisfactory results and 18 had unsatisfactory results in their readings.
When the results of the readings were analysed in regard to the geographic distribution of the technicians, the fo lowing data were fo und (Table 5) : In fact, the number of participating technicians is too small to draw an objective conclusion from Table 5 . If only very good and good results in the readings are taken into account a very small difference in the BI accordance is fo und between Asian The choice of regimen and the treatment duration in leprosy is determined by the number of bacilli found in the patient. In 1982 WHO recommended a classification ofleprosy in paucibacillary (BI < 2 at any site) and multibacillary (BI ;::: :: 2 at any site) cases, implicating a 6-month treatment with two drugs in paucibacillary patients and a minimum 2-year treatment with three drugs in multi bacillary patients (24).
When, independently of the results obtained by the individual technician, the quality of reading was analysed in all 390 slides examined, full correlation (reading 'same') of the BI was found in 173 slides (45%) ( Table 6 ):
The highest percentage of fu ll correlation was observed in the 106 negative slides (27·5%); in multibacillary slides a full correlation was found in 67 (17·5%). No fu ll correlation was seen in paucibacillary smears. Acceptable correlation ('slight' deviation) was assessed in 343 (89%) of the 390 slides examined. Low correlation in the reading was found in 42 (1 1 %) of the ev.aluated slides, listed in Table 7 . The quality of slit-skin smears is one of the most important factors influencing the reliability of the bacteriological index (BI). The quality itself depends on different parameters. Some of these can easily be evaluated by quality controls, whereas analysing others is difficult or impossible. An unmistakable influence on the quality is evident in the taking and staining of skin smears, the quality of staining dyes and glassware, the fixing of smears and the dispatching of slides. On the contrary, it is difficult if not impossible, to judge the technician's training, his reliability and his motivation, the correct selection of the sites chosen for taking the smears, the quality and maintenance of microscopes and the availability of good light sources.
Other hindrances encountered are due to the fact that the taking of skin smears and the staining/ reading is often performed by different persons, so that the technician reading the smear is only partly or not at all responsible for its quality. Often the technicians do not get any clinical data, resulting in an isolated analysis without the corresponding context. If they were to have some clinical information they would probably be able to work more conscientiously. Finally, the results of the quality control are usually communicated only to the reader but not to those in charge of taking the smears. This lack of communication makes efficient improvement difficult.
As shown in Table 3 , 10 different staining methods were used. There was no clear evidence that the quality of staining was significantly influenced by the method applied. It was not possible to determine the impact of the staining techniques on the number of bacilli fo und since only stained slides were available; however, in some slides the suspicion arose that the acid fa stness of bacilli was not preserved or had disappeared.
Three slides were sent as negative to the reference laboratory, but were suspected to have been positive since very weakly stained bacilli were seen. Slides were restained and proved to be obviously positive. In these cases decoloration was probably inadequate but because of the small number of slides no definite conclusions in regard to the influence of the staining technique used can be drawn.
In 8 slides BI results of the service laboratory were significantly higher than those of the reference laboratory and fading of bacilli was suspected. After restaining the results showed a good correlation. Reasons for fading might be the continuing reaction of the acid if slides have not been washed carefully after decoloration with acid-alcohol, influence of immersion oil, xylene or sunlight, as discussed in the literature .3-5
In the sample of slides examined there was no tangible evidence that the quality of staining was significantly influenced by the method used. However, it is to be recommended that hydrochloride acid which is less aggressive to the decoloration of the bacilli than sulphuric acid should be used as the agent of choice.
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The assessment of the BI accordance is a subjective method, and differences in the interobserver comparison have to be accepted to a certain extent.
Even under ideal conditions slight differences may be fo und mainly due to the irregular distribution of bacilli in the smear and the impossibility of accurately reading the same 100 oil immersion fields assessed by the first reader. On the other hand, especially if the bacteriological index is > 2 the count of bacilli should result in the exact value within the logarithmic scale.
Assessing the BI accordance the single smear results of the service laboratory were compared to the corresponding results determined by the reference laboratory. Intentionally we did not use the average BI/slide in order to identify the slides where patients were incorrectly classified as paucibacillary and multibacillary according to the WHO definition.6 This definition describes those patients as paucibacillary where the HI is < 2 at any site and as multi bacillary those where the BI is ;::: : 2 at any site. If the average BI is chosen as criterium, some multibacillary patients might be dismissed. In a patient with, e.g. a BI result of 1/1/1/1 per smear, the average BI will be one, which leads to the classification as paucibacillary. In a second patient the HI is 2/0/0/2 per smear leading to an average BI of I, and suggesting a paucibacillary case whereas the patient is multibacillary.
As shown in Table 7 there were relatively few slides read as multi bacillary by the service laboratory which were judged to be negative or paucibacillary by the reference laboratory (1·8%). Possible reasons for this might be artefacts which are sometimes difficult to distinguish from acid fast bacilli (crystals, haemoglobin conglomerates, contaminants).
Two per cent of the slides were judged as paucibacillary by the service laboratory though these were multibacillary according to the reading of the reference laboratory. The most important reason for this was probably the fact that only a few oil immersion fields were counted, often in combination with an uneven distribution of the lymph on the slide. Some of these paucibacillary slides were judged to be negative by the reference laboratory (1·3%). Artefacts mistaken for bacilli were fo und to be the most common reason.
The highest percentage of low correlation was observed in the false negative smears (5·6%), probably due to the counting of only a small number of oil immersion fields (motivation, lack of time by the technician), bad microscopes and light sources as well as inadequate staining techniques. This is a very interesting finding, especially in the light of the WHO definition published in 1988 that paucibacillary cases are all those with a negative BI result, multi bacillary all those with any positive HI result.7 Based on our findings the careful conclusion can be drawn that if only the HI result is considered for classification, the number of incorrectly classified patients will not come down significantly. From 42 slides showing a low correlation of their BI results (Table 7) , 27 (7%) led to a different classification (paucibacillary instead of multi bacillary or vice versa) according to the WHO definition given in 1982, but 31 (8%) according to the 1988 WHO definition.
De Rijk et aZ.2 already raised the question of the possibility of drawing a line between acceptable and unacceptable results. They proposed three criteria, namely the proportion of full correlation when the readings are the 'same' or the difference 0; acceptable correlation when the difference is I mark BI to either side; and the calculation of the variance as the sum (L) of the square values of the differences (D) divided by the number of observations (N). Based on these criteria the reliability of the BI results was then judged to be good according to the value of ;::: : 50% full correlation and/or 50-80% of acceptable correlation and/or a variance < I in all samples examined by a reference reader.
Relating to these values our reading showed full correlation in 45% of all smears examined, acceptable correlation in 89% and variance < I in 93·8%. Therefore, the conclusion can be drawn that our results are at least satisfactory. The quality control was well accepted; up to now 50% of the projects which were asked to participate have sent slides and fo rms. This good response can partly be explained by the fact that in many leprosy control programmes the doctors are in charge of the supervision of the laboratory work, but do not feel able to do the assessment. Sending slides to a reference laboratory is therefore a welcomed possibility to free themselves of this burden and at the same time give some feedback to the laboratory technician.
In due course we will know more details about the impact of the quality control on the work standard in the laboratory. The feedback we have got so far shows much interest and enthusiasm from the participants. In the future, experiences gained in quality control should stimulate further training, as well as influence the curricula of training and refresher courses.
